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Study of the Scorch/Cure time Relationships

Jlin-Ho Ryou, Chang-Hee Kim* and Taeg-Su Oh
Applied Polymer Research Team, Research Institute of Industrial Science &
Technology(RIST), Pohang, 790-330, Korea
*Kwangsung Rubber Roll Co. LTD., Sungnam, 462-120, Korea

ABSTRACT

NR, NBR, and CR rubber were prepared by mixing filler in various ratios. Their vulcanization
characteristics and thermal properties were studied. Vulcanization characteristics were investi-
gated using cure curve that had been obtained from oscillating disk rheometer study. The
Arrhenius law is known to describe the relationship between cure time and temperature of most
elastomers. Curing could be done by the addition of sulfur, peroxides, and proper acceleratores.
The optimum cure time that affects desirable values of modulus and tensile strength of the
vulcanizate is taken as t90 as measured by a rheometer.

Rubbers were cured in the rheometer at temperatures ranging from 130°C to 180°C in order
to check the validity of the curing system used. A linear relationship between In(ts2) and
In(t90) was found for all elastomers. The term sensitivity has been used to describe the relation-

ship between a change of ts2 to the corresponding change of t90 due to an increment of temper-
ature. This is related to the fermula of the compound.
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1. Az o A

1) Natural rubber(NR) : MalaysiaA} SMR-L

2) Acrylonitrile-butadiene rubber(NBR) : Nip-
pon Zeon(5) 2] Nipol N32

3) Chloroprene rubber(CR) : Du Pont¢] WRT

4) Chloroprene rubber(CR) . J247|8(F)
9] PS40

5) High abrasion furnace black(HAF) ; 9712
EE ML (F)

6) Fast extrusion furnace black(FEF) : 87|12
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LI (F)

7) Semi reinforcing furnace black(SRF) : 87]
eI (F)

8) N-cyclohexyl-2-benzothizyl sulfenamide(CZ)
L EFEE(F)

9) Dibenzothiazyl disulfide(DM) : F%¥3}8HF)

10) N,N’-diphenylguanidine(D) : E%¥3}3H(F)

11) Tetramethy! thiuram disulfide(TT) : E¥3}
&(F)

12) Di-(2-ethylhexyl)phthalate(DOP) : ol 7 4
f318H3)

13) Poly(vinylisobutylether)(PVI) : EAHE(F)

14) Sulfur ; v]$1(F) Midas-101

15) Stearic acid . HZ-AA}

16) Zinc oxide(ZnQ) : g3}t

17) Magnesium oxide(Mg0) : 42 Kyowa
Chemical

18) A2-oil ; Fed-43-249] process oil

19) N2-oil ; v]AA34 9] process oil

20) =3pAA 3C: 33 AR
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Table 1. NR, NBR 3 CR3%-¢] 7|2 ujst
wgerE: NR-1 NR-2 NR-3 NR-4

NR 100 100 100 100
HAF 50 50 50 50
Stearic Acid 2 2 2 2
Zn0 5 5 5 5
3C 2 2 2 2
A, Ol 3 3 3 3

Sulfur 2.5 2.5 2.5 0.5
Cz 0.6 0.3 0.6 5
TT — 0.1 - —
PVI — — 0.2 —

ulgte}E¥ NBR-1 NBR-2 NBR-3 NBR-4
NBR 100 100 100 100
HAF 50 50 50 -
FEF — — - 60

Stearic Acid 1 1 1 1
Zn0 5 5 5 5
3C 2 2 2 2

A, Oil 8 8 8 -
DOP — — — 8

Sulfur 2.0 1.2 1.4 0.3
CZ 1.2 2.3 1.5 2.0
TT — — — 2.0

D — — 1.0 —

B ghe}E CR-1 CR-2 CR-3
WRT — 100 50
PS40 100 — 50
SRF 70 70 70

Stearic Acid 0.5 0.5 0.5
Zn0 5 5 5
MgO

3C 2 2 2

N, Oil 12 12 12

Sulfur 1 1 1
DM 0.8 0.8 0.8
D 0.8 0.8 0.8
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Table 2. NRAI G| 7}18E4

NR z% temp. ML(Nm) MHF(Nm) ts2(time) tio(time) tso(time) tgo(time) toftime)

130¢C 4.7 37.5 17 : 45 18 : 48 28 : 00 5244 33 . 56
140C 4.2 36.4 9:05 9:38 14:07 26:13 16 :35
NR-1 150°C 4.2 35.2 5:00 5:21 7:41 13:36 8:15
160C 3.9 33.9 3:10 3:.23 4:48 7:52 4:29
1707C 3.9 32.1 2:01 2:09 3:02 4:39 2:30
180T 4.0 30.9 1:24 1:29 2.05 2.58 1:29
130C 4.7 37.7 12 150 13:23 17122 29 :06 15:43
140 44 36.3 6:44 7:02 9:13 15: 36 8:34
NR-2 150°C 44 34.8 3:50 4:01 5:14 8:34 4:33
160°C 4.1 32.1 2:25 2:31 3:21 5:25 2:54
170¢C 4.1 30.1 1:40 1:42 2:16 3:26 1:44
180°C 3.9 28.6 1:16 1:18 1:43 2:.29 1:11
130C 4.8 37.7 2811 29 1 45 39:11 63 : 22 33 .37
140C 44 36.6 14 : 04 14 : 57 19 .58 31:58 17:01
NR-3 150°C 4.6 35.6 7:.36 8:07 10:51 16 : 50 8:43
160 4.2 34.9 4:24 4:42 6:18 9:24 4:42
170C 4.0 32.6 2:40 2:51 3:49 5:22 2:31
180°C 3.9 31.4 1:53 2:01 2:41 3:35 1:34
130°C 3.2 30.6 13:21 13 : 47 17123 35:54 22:07
140C 3.2 30.0 8:13 8:27 10: 22 19:05 10: 38
NR-4 150C 3.1 30.0 5:23 5:33 6:39 10 : 55 5:22
160C 3.1 29.7 2:.55 3:02 3:49 6:16 3:14
170°C 2.6 28.2 1:59 2:03 2:37 3:53 1:50
180°C 2.6 27.7 1:28 1:31 1:58 2.46 1:15

Table 3. NBRA|d 2] 7} E4

NBR 2%  temp. ML(Nm) MHF(Nm) ts2(time) tio{time) tso{time) tgo(time) to(time)

130°C 7.9 38.8 14 149 i5:21 19:06 45 : 42 30:21

140¢C 7.0 38.4 8:24 8 .45 10139 23:15 14 : 30
NBR-1 150°C 6.3 38.6 5:01 5:13 6:12 16:12 10 : 59
160°C 6.2 37.6 3:04 3:13 3:52 7:.36 4:23
170°C 5.6 34.3 1:58 2:03 2:.26 428 2:25
180°C 5.0 33.0 1:28 1:32 1:561 3:12 1:40
130°C 7.3 33.9 12 153 13:12 27:12 27 12 14 : 00
140°C 6.7 33.9 7:49 8:00 9:20 16 : 22 8:22
NBR-2 150°C 6.1 33.9 4:54 5:02 5:50 9:49 4:47
160°C 5.8 32.5 2:58 3:03 3:38 547 244
170C 5.3 30.2 1:58 2:01 2:23 3:45 1:44
180T 5.0 29.1 1:29 1:31 1:49 2.42 1:11
130T 7.4 34.9 11:35 12:02 14 : 54 38:18 26 :17
140¢C 6.8 35.0 6.08 6:23 7 .54 23:25 17: 02
NBR-3 150°C 6.5 35.3 3:47 3:58 459 14:16 10:18
160°C 5.9 33.8 2:30 2:37 3:17 . 8:44 6:.07
170°C 5.4 32.1 1:41 1:44 2:12 5:33 3:49
180C 5.3 31.3 1:16 1:19 1:42 4:05 2.46
130 7.9 404 10: 00 10 : 42 16 0 13 29 : 49 19:07
140C 6.8 39.1 5:38 6:00 9:09 15:57 9:57
NBR-4 150°C 6.3 37.7 3:38 3:51 5:51 9:.35 5:34
160°C 6.0 37.3 2:17 2:26 3:32 5:41 3:15
1707C 5.7 35.3 1:36 1:42 2:25 3:44 2:02
180°C 5.4 33.9 1:13 1:17 1:48 2.47 1:30 .
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Fig. 1. Cure curves for NR compounds curing tem-
perature 150C.
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Fig. 2. Cure curves for NBR compounds curing
temperature 150°C.
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Fig. 3. Cure curves for CR compounds curing tem-
perature 150°C.
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Table 4. CRA g 9] 71354

CR 2% temp. ML(Nm) MHF(Nm) ts2(time) tio(time} tso(time) tgo(time) tgo(time)
130C 3.1 49.9 15:09 21 :04 34140 143 : 56 122 : 52
140C 2.6 56.9 8§:11 11:24 18 : 48 121 : 43 110 : 19
CR-1 150°C 24 55.3 4:58 6:31 10:10 64 : 50 58 :19
160°C 2.8 50.1 2:47 3:28 5:08 18 : 57 15:29
170°C 2.8 50.0 1:56 2:22 3:24 11:29 9:07
180°C 3.0 49.9 1720 1:35 2:10 5:58 4:23
130°C 7.4 39.7 13:38 17 : 52 81:05 231 : 46 213 :54
140°C 6.8 45.6 8:44 12: 30 58 : 55 179:07 166 : 37
CR-2 150¢C 5.7 47.3 4:51 6:54 31:10 100 : 39 93:45
160°C 6.7 48.9 2:57 3:54 16 : 05 55 : 59 52:05
170°C 6.5 48.1 2:00 2:32 8:32 27 .10 24:38
180°C 6.9 48.5 1:29 1:50 5:18 15: 20 13:20
130C 5.8 48.1 14 : 32 19:44 41 : 57 195 : 29 175 : 45
140C 4.7 534 7 159 11:03 27 . 30 145 : 56 134 : 53
CR-3 150C 44 53.6 4:53 6:33 15:21 86 : 55 80:22
160°C 5.0 49.9 2:55 3:38 7 .08 31:43 28 : 05
170C 4.8 49.5 1:58 2:25 4:21 17 : 23 14 : 58
180C 4.9 49.6 1:24 1:39 2 .45 8:43 7:04
9
In(ts2) In(ts2)
—e— 8r —o-
In(t90): In(t90)
8k —o —o—
7
@ @
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Fig. 4. Arrhenius plot of scorch and cure times of

compound NR-1
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Fig. 5. Arrhenius plot of scorch and cure times of
compound NBR-1
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Fig. 8. Arrhenius plot of scorch and cure times of

compound CR-2.

Table 5. Arrhenius Equation?] A4~

e wlg A4 (k) Arrhenius AM® (A)
° ts2 t90 ts2 t90
NR—1 -165  -186 9426 10720
NR—2 -150  -14.4 8669 8772
NR—3 -17.8  -186 10164 10809
NR—4 -143  -163 8464 9667
NBR-1 -149  -17.1 8743 10093
NBR—2 -140  -144 8333 8780
NBR—3 -139  -134 8197 8515
NBR—4 -132  -147 7877 8923
CR—1 -158  -22.3 9089 12798
CR—2 -144  -162 8529 10471
CR—3 -150  -204 8748 12112
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Fig. 7. Correlation between scorch and cure times
of compound NR-1.
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Fig. 8. Correlation between scorch and cure times
of compound NBR-1.
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Fig. 9. Correlation between scorch and cure times
of compound CR-2.
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Fig. 10. Scorch-cure time correlations for NR com-

pounds to demonstrate “sensitivity”.
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Fig. 11. Scorch-cure time correlations for NBR
compounds to demonstrate “sensitivity”.
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Fig. 12. Scorch-cure time correlations for CR com-
pounds to demonstrate “sensitivity”.
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100
Table 6. 234 Az}

Te 4 DOT® MDTY W10

(c) /gty (©) ()
NR-1 -49.23 0.34 307.7 4143 32.8
NR-2 -49.99 038 3054 416.7 33.0
NR-3 -49.77 0.39 304.2 4085 334
NR-4 -53.73 0.39 284.3 4167 33.1
NBR-1 -11.22  0.49 3206 5022 36.5 40
NBR-2 -13.72 044 297.2 4975 36.0

NBR-3 -14.00 0.39 2984 4940 36.0

NBR-4 -20.06 0.37 2726 4905 40.1 20r
CR-1 -31.04 027 2749  358.1 56.9
CR-2 -30.21 0.26 262.0 3370 58.0 0 ! ! L : s
CR-3 -29.58 022 267.9  349.9 574 100 200 300 400 500 600 700

a) Decomposition onset temperature(C). Temperature (°C)

80

60

Weight Loss (%)

b) Maximum decomposition temperature(C).
¢) % of residue at 700C. Fig. 14. Thermogram of NBR compounds by TGA.
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Fig. 15. Thermogram of CR compounds by TGA.
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